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rectified through a rectifier 1 1 . The rectified output is then passed through capacitors 17, 15 to produce a smoothed DC 
voltage. At the same time, the capacitor 15 is charged through a resistor 13. The charging operation sustains during brake 
interval as well as the rotational interval of a motor 7 but since the charging rate is limited by the resistor 13, total voltage 
across the capacitor 15 drops with time when a monostable multivibrator 19 is producing an output and thereby the motor 
7 current decreases with time. In such a manner, rotation of the motor 7 can be controlled quickly by feeding a DC 
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Japanese Unexamined Patent Application Publication No. 5- 
64474 

[Claims] 

[Claim 1] A braking system for an AC motor forcibly braking 
the AC motor, comprising: 

first switching means for disconnecting the AC motor 
from an AC power supply when the AC motor is braked; and 
DC voltage applying means for applying a DC voltage 
that reduces with time to at least one winding of the AC 
motor disconnected from the AC power supply. 

[Claim 2] A braking system for an AC motor according to 
Claim 1, wherein the DC voltage that reduces with time is 
obtained by a discharge operation of a capacitor charged 
with a voltage obtained by stepping down and rectifying the 
voltage of the AC power supply. 

[Claim 3] A braking system for an AC motor according to 
Claim 1 or 2, further comprising stopping means for stopping 
the application of the DC voltage to said at least one 
winding of the AC motor after a predetermined time period. 
[Detailed Description of the Invention] 
[0001] 

[Industrial Field of the Invention] The present invention 
relates to AC motors, such as induction motors and 
synchronous motors, driven by an AC power supply, and more 
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particularly to a braking system for the AC motors. 
[0002] 

[Description of the Related Arts] AC motors, such as 
induction motors and synchronous motors, operated by a 
single or three phase AC power supply do not stop rotating 
immediately after disconnection of the power supply due to 
the inertia of a rotor and a load thereof. In order to 
improve the operation efficiency or the like, forcibly 
braking from the outside may be required. 

[0003] Consequently, as described, for example, in Kousaku 
Kikai no Denki © (Electricity for Machine Tools (D) . Japan 
Machinist Sha, pp. 35 - 36, a mechanical procedure for 
braking by mechanical contact friction, an electrical 
procedure for braking by disconnecting stator windings from 
a power supply and applying DC current to the stator 
windings, and the like are known as conventional procedures. 
[0004] Fig. 2 shows the structure of a known braking system 
in which the electrical procedure mentioned above is adopted. 
A commercial AC power supply E is applied from power supply 
terminals 1 and 3 to terminals a and b of a single-phase 
induction motor 7 via a contact A of a switch 5 at the time 
of rotation. A capacitor 6 is connected between the 
terminal b and a terminal c of the motor 7, and an out -of - 
phase driving voltage is applied to the terminal b. With 
this arrangement, a rotor of the motor 7 is rotated. In 
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contrast, AC voltage is rectified and smoothed by a diode 61, 
a resistor 63, and a capacitor 51, and is kept constant by a 
Zener 53. This constant voltage is used for an operation of 
a monostable multivibrator circuit (hereinafter, referred to 
as an MM) 19. 

[0005] Output from a switch 37 that is interlocked with the 
switch 5 is input to the MM 19. In order to forcibly stop 
the motor 7, the switch 5 is switched to a contact B side. 
Thus, the switch 37, which is interlocked with the switch 5, 
is switched from a contact A side to a B-terminal side. As 
a result of this, the MM 19 outputs a pulse with a 
predetermined time width To, as shown in Fig. 4, from the 
point in time when the switch 37 is switched to the B- 
terminal side. The output from the MM 19 is supplied to the 
resistors 67 and 73 that are connected in series with each 
other, and the potential of a node between these resistors 
is thus increased. This potential that is connected to the 
gate (G) of a thyristor 71 allows conduction of the 
thyristor 71. Thus, a conducting path is formed by the 
power supply terminal 1, the terminals a and b of the motor 
7, a diode 47, a resistor 65, the thyristor 71, and the 
power supply terminal 3 in that order. Similarly, a 
conducting path is formed by the power supply terminal 1, 
the terminals a and c of the motor 7, a diode 49, the 
resistor 65, the thyristor 71, and the power supply terminal 
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3 in that order. From the point in time when the braking of 
the motor is started, a motor current that is obtained by 
half-wave rectifying the voltage of the AC power supply by 
the diode 4 9 flows between the terminals a and c of the 
motor 7, as shown in Fig. 4. A motor current flowing 
between the terminals a and b is also obtained in a similar 
manner. Accordingly, when the motor 7 is braked, a magnetic 
field generated by the stator is changed from a rotating 
magnetic field due to the AC power supply to a static 
magnetic field due to the rectified pulsating flow, and the 
rotation of the motor is stopped due to a magnetic lock. 
The current is applied between the terminals a and c and 
between the terminals a and b in order to reinforce the 
braking force. . Even if the current is applied between the 
terminals a and c or between the terminals a and b, a 
braking operation is achieved. 
[0006] 

[Problems to be Solved by the Invention] According to the 
known technology described above, a motor can be quickly 
stopped. However, since the waveform of the motor current 
is a pulsating flow that is obtained by half-wave rectifying 
the AC power supply, the waveform exhibits a large peak 
value and a small effective value. Thus, there is a problem 
in that the static magnetic field cannot be efficiently 
generated. Thus, a resistor 45 is omitted so that the 
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pulsating flow is directly applied to the motor 7. Such a 
procedure, however, increases heat generation in the motor. 
Thus, this procedure is not suitable for applications, such 
as automatic vending machines and machine tools, in which 
quick stops are repeated. If the resistor 45 is added, 
there is a problem in that the quick stop performance is 
reduced in accordance with an increase in heat generation of 
the resistor. 

[0007] Although full -wave rectification may be possible, 
there remains a problem in that, although the effective 
value is improved, the amount of heat generation in the 
motor and the braking system is large at a braking time due 
to direct rectification of the AC power supply. 

[0008] The object of the present invention is to provide a 
braking system for an AC motor capable of reducing the 
amount of heat generation due to braking of the motor 
without reducing the braking performance of the motor. 

[0009] 

[Means for Solving the Problems] In order to achieve the 
above object, a braking system for an AC motor forcibly 
braking the AC motor according to the present invention 
includes first switching means for disconnecting the AC 
motor from an AC power supply when the AC motor is braked. 
The braking system for the AC motor also includes DC voltage 
applying means for applying a DC voltage that reduces with 
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time to at least one winding of the AC motor disconnected 
from the AC power supply. 

[0010] The DC voltage that reduces with time can be 
obtained, for example, by a discharge operation of a 
capacitor charged with a voltage obtained by stepping down 
and rectifying the voltage of the AC power supply. 
[0011] Stopping means for stopping the application of the 
DC voltage to the at least one winding of the AC motor after 
a predetermined time period may be further provided. 
[0012] 

[Operation] In general, for braking a motor, a lot of 
energy is necessary in the initial stage of braking, and 
then the necessary energy is gradually decreased. The 
present inventors have focused attention on this point and 
have come up with an idea for braking a motor by generating 
a voltage that reduces with time and by applying the voltage 
to at least one winding of the AC motor at a braking time. 
Thus, heat generation when the motor is braked can be 
reduced to the minimum without loss of the braking 
performance. Here, since not a half -wave rectified voltage 
but a DC voltage is used for braking, a peak value does not 
have to be as high as that of an AC power supply voltage. 
It is preferable that the DC voltage be obtained by stepping 
down and rectifying the AC power supply voltage in view of 
power consumption. By charging a capacitor with the stepped 
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down and rectified DC voltage and by discharging this 
electric charge to the motor winding at the braking time, 
the motor winding can be driven with the voltage that 
reduces with time. 
[0013] 

[Embodiments] Embodiments of the present invention will now 
be described with reference to the drawings. 
[0014] Fig. 1 shows an example of the structure of a 
braking system according to an embodiment of the present 
invention. In the drawing, the same components as in Fig. 2 
are referred to with the same reference numerals. In this 
embodiment, a step-down transformer 9, a capacitor 15 for 
discharging at a braking time, and an NPN transistor 41 
functioning as a discharge switch are provided. Since the 
step-down transformer 9 is provided, the Zener 53 is omitted. 
[0015] In this embodiment, alternating current of a 
commercial power supply is not directly rectified. Instead, 
the alternating current is stepped down by the step-down 
transformer 9 and then is rectified by a rectifier 11. The 
rectified output is converted to a DC voltage with less 
pulsating flow by a capacitor 17 and the capacitor 15. At 
the same time, the rectified output is charged in the 
capacitor 15 via a resistor 13. This operation is continued 
at the braking period as wel] as a rotation period of the 
motor. The monostable multivibrator (MM) 19 functions as in 
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the one shown in Fig. 2, and an example of the MM 19 is 
shown in Fig. 1. More specifically, the MM 19 includes an 
IC 25 (for example, NE555) for the MM, resistors 21, 23, 27, 
and 29, and capacitors 31, 33, and 35. The resistors 27 and 
29 and the capacitor 35 determine the time width of an 
output pulse in accordance with the time constant thereof. 
The resistor 23 and the capacitor 35 constitute a 
differentiation circuit and provide a negative pulse to a 
trigger input (a second terminal) of the IC 25 when the 
switch 37 is switched to the contact B side. The output 
pulse from the MM 19 is output from a third terminal and 
applied to the base of the transistor 41 via the resistor 39. 
A bias resistor 43 is connected between the base and emitter 
of . the . transistor 41, and the emitter is connected to the 
output terminal of the rectifier 11 at the negative side. 
The collector is connected to the cathode of each of the 
diodes 47 and 49 through the resistor 45. 
[0016] While the switch 5 is at the contact A side, the 
motor 7 continues the rotation operation. During this 
period, a predetermined electric charge is stored in the 
capacitor 15. 

[0017] In order to brake (including stop) the motor 7, the 
switch 5 is switched to the B-terminal side, as in Fig. 2. 
Thus, the switch 37, which is interlocked with the switch 5, 
is switched from the A-terminal side to the B-terminal side. 



- 9 - 



As a result of this, a negative pulse is input to the second 
terminal of the IC 25. Thus, the IC 25 outputs a positive 
pulse with a time width determined from the time constant of 
the resistors 27 and 29 and the capacitor 31. The time 
width of the pulse can be changed in accordance with the 
type of motor, the size of the inertial load, or the like by 
adjusting the variable resistor 27. 

[0018] During the output of the pulse from the IC 25, the 
transistor 41 is on, and a conducting path is formed by the 
capacitor 15 at the positive side, the terminals a and b of 
the motor 7, the diode 47, the resistor 45, and the 
transistor 41 in that order. Similarly, a conducting path 
is formed by the capacitor 15 at the positive side, the 
terminals a and c of the motor 7, the diode 49, the resistor 
45, and the transistor 41 in that order. Closing these 
paths causes the electric charge stored in the capacitor 15 
to be discharged. Although the capacitor 15 is continued to 
be charged during this period, since the charging rate is 
limited by the resistor 13, the voltage Vc across the 
capacitor 15, as a whole, is reduced with time during the 
output from the MM, as shown in Fig. 3. In accordance with 
this, the motor current is reduced with time. 

[0019] Accordingly, applying a DC current to at least one 
winding of the motor 7 allows the rotation of the motor 7 to 
be rapidly braked. Since the motor current does not exhibit 
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a half-wave rectified waveform during the braking period, 
the braking efficiency is improved. Unlike a voltage 
obtained by rectifying an AC power supply in the known 
example, a stepped down voltage is used as a voltage for 
applying a DC current to the winding of the motor. Thus, a 
reduction in the power consumption (in other words, a 
reduction in the amount of heat generation) can be achieved. 
Since the force necessary for braking the motor is gradually 
reduced from the starting time of braking, the DC current 
applied to the motor 7 does not have to be constant. Thus, 
by utilizing discharge of a capacitor, the motor current is 
reduced with time. It is sufficient for the initial value 
of the motor current to be around the rated value of the 
motor. . Thus, according to the present invention, hardly any 
unnecessary heat generation occurs. 

[0020] Next, the structure of a braking system for an AC 
motor according to another embodiment of the present 
invention is shown in Fig. 5. 

[0021] Although, in this embodiment, the motor is braked in 
accordance with the same principle as in the embodiment 
shown in Fig. 1, a circuit portion relating to generation of 
"a DC voltage that reduces with time" at the braking time is 
altered. More specifically, a capacitor 88 is provided in 
place of the capacitor 15, and a PNP transistor 83 and a 
resistor 85 are provided as means for charging the capacitor 



88. Also, a resistor 89 and an NPN transistor 87 are 
provided as means for discharging the capacitor 88. 
Moreover, a resistor 81 is provided for stabilizing the base 
bias of the transistor 83. A pulse that is output from the 
IC 25 is applied to the base of the transistor 83 via the 
resistor 82 as well as applied to the base of the transistor 
41 via the resistor 39. 

[0022] When the motor rotates in a normal manner, output 
from the IC 25 at a low level allows conduction of the 
transistor 83, and a voltage Vc is charged in the capacitor 
88 via the transistor 83. When the switches 5 and 37 are 
switched for braking, output from the IC 25 at a high level 
causes the transistor 83 to be turned off. Thus, the 
electric charge in the capacitor 88 is discharged mainly to 
the resistor 89 (and the transistor 87) . In accordance with 
this, the voltage of the capacitor 88 is reduced with time, 
as in the capacitor 15 in the embodiment shown in Fig. 1. 
This potential appears, almost as it is, as a potential of 
the emitter terminal of the transistor 87. Accordingly, a 
current flowing into the winding of the motor 7 is a DC 
current that reduces with time. In this embodiment, the 
motor current itself is not supplied from the capacitor 88 
but supplied from the capacitor 17. Thus, a capacitance 
smaller than that of the capacitor 35 in the embodiment 
shown in Fig. 1 is sufficient for the capacitance of the 
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capacitor 88. Since the capacitance of the capacitor 88 is 
small, the capacitance 88 can be rapidly charged- Thus, 
this embodiment is suitable for an application in which a 
braking operation is repeated with a short time interval. 
[0023] Although only preferred embodiments of the present 
invention have been described, various changes and 
modifications can be made to the invention without departing 
from the spirit and the scope thereof. For example, 
although a single-phase motor is described in the above 
embodiments, the present invention is also applicable to a 
three-phase motor. If there is an enough capacity for 
braking, a DC current for braking is not necessarily applied 
to all the windings of the motor. Although the switches 5 
and 37 are illustrated as mechanical switches, they are not 
limited to mechanical switches. They may be switches that 
are electronically or electromagnetically driven. 
[0024] 

[Advantages] A braking system for an AC motor according to 
the present invention is capable of reducing heat generation 
due to braking of the motor without reducing the braking 
performance of the motor. Furthermore, braking of the motor 
with high durability for repeated quick stops is achieved. 

[Brief Description of the Drawings] 

[Fig. 1] Fig. 1 is a circuit block diagram showing the 
structure of an embodiment of the present invention. 



[Fig. 2] Fig. 2 is a circuit block diagram of a known 
braking system. 

[Fig. 3] Fig. 3 is a waveform diagram for explaining an 
operation of the embodiment shown in Fig. 1. 

[Fig. 4] Fig. 4 is a waveform diagram for explaining an 
operation of the braking system shown in Fig. 2. 

[Fig. 5] Fig. 5 is a circuit block diagram showing the 
structure of another embodiment of the present invention. 

[Reference Numerals] 

5 and 37: switches, 7: induction motor, 9: step-down 
transformer, 11: rectifier, 15, 17, and 88: capacitors, 
19: monostable multivibrator (MM), 25: IC for MM, 41, 83, 
and 87: transistors, 47 and 49: diodes 
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FIG. 1 

[FIG. 2] 
FIG. 2 

MONOSTABLE MULT I 

[FIG. 3] 
FIG. 3 

31: ROTATION 

32 : BRAKING 

33 : MOTOR CURRENT 

34 : OUTPUT FROM MM 

[FIG. 4] 
FIG. 4 

41: ROTATION 
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43: MOTOR CURRENT 
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[FIG. 5] 
FIG. 5 
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